Insecticide-treated net is one of the main malaria control strategies reducing its incidence by half. This study measured proper utilization of insecticide-treated nets in the study area. To assess proper utilization of insecticide treated net and determinants among households of Zuway Dugda district, Ethiopia. Community based cross-sectional multistage study conducted using structured questionnaire via interview and observation. The collected data entered into EPI INFO Version -7 and analyzed using SPSS version 21 software. Variables having p < 0.2 in the bi variate logistic regression were entered into multi variable logistic regression analysis and finally p < 0.05 considered to declare association. Among study population 84.2% of 821 households had at least one ITNs, while only 18% used it the night proceeding the data collection day. Educational status, having separate sleeping room, frequency of using ITNs, ITNs ever been washed and shape preference of respondents were associated factors for utilization. Although ownership was moderate, only small proportion of household members slept at least under one ITN. Improving housing condition, when to wash ITNs and benefit of washing and education coverage for the community also needed.
INTRODUCTION
Malaria is a protozoan disease transmitted to man by the bite of the female anopheles mosquito (Tizazu et.al, 2006) . It remains an important cause of illness and death in children and adults in malaria endemic countries (WHO, 2015a) . Globally, 3.3 billion people in 97 countries and territories are estimate to be at risk of being infected with malaria and developing the disease (WHO, 2015b) .
It is estimated that 190-330 million malaria episodes and at least 1 million malaria deaths occur annually (WHO and UNICEF, 2008) .
In Ethiopia approximately 52 million people (68%) live in malaria risk areas, primarily at altitudes below 2,000 m. The disease is mainly seasonal with unstable transmission in the highland fringe areas and of *Corresponding author. E-mail: legesset2008@gmail.com. Tel: 0911367083.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License relatively longer transmission duration in lowland areas, river basins and valleys. Historically, there has been an estimated 10 million clinical malaria cases annually in the country (FMOH, 2012) .
Ethiopia developed national malaria control strategy in August, 2014. It had goals to achieve near zero malaria death, to reduce malaria cases by 75% from baseline of 2013 and eliminate malaria in selected low transmission area through community empowerment and mobilization, diagnosis and treatment, vector control and malaria elimination. The two major malaria prevention service implemented in Ethiopia has targeted indoor residual spray with insecticide and distribution of Long-lasting Insecticide Treated Nets (LLINs) (FMOH, 2014a) . ITN are nets dipped in a pyrethroid insecticide solution. This treatment creates a physical barrier, or a "halo" around the net, repelling or killing the mosquitoes. LLITNs are increasingly popular, as they last longer than traditional ITNs, repelling mosquitoes for up to four years. With LLITNs, the insecticide is woven into the fabric of the nets, causing it to self-replenish with each wash, by bringing the insecticide to the surface of the net (WHO, 2012) .
LLINs has three main functions: i) when mosquitoes are in contact with the net, it has a knockdown effect, temporarily incapacitating or even killing mosquitoes; ii) it has a repellent effect; and, iii) it reduces contact between the person sleeping under the net and mosquitoes by acting as a physical barrier (FMOH, 2012) . When 80% of households use bed nets in a community, studies suggest that mortality from malaria for those living within 300 m is significantly reduced (WHO, 2012) .
In Ethiopia experiences have shown that possession and appropriate use of ITNs do not automatically go hand-in hand. Many people who received ITNs did not sleep under them, reduced their efficacy through inappropriate washing practices, or failed to replace them when they became damaged or torn (WHO, 2007) . Malaria is of the major health and socioeconomic burdens in Ethiopia (PMI, 2015) . In 2013, there were more than 3,000,000 confirmed malaria cases making the first cause of morbidity (11.7 %) and the third leading cause of health facility admission (7.8%) (FMOH, 2013) . The use of ITNs was one of the main malaria control strategies in most malaria endemic countries to reach the Roll Back Malaria (RBM) targets reduce the malaria burden by 50% in 2010 compared to 2000 levels and at least 75% by 2015 (RBM, 2005) . ITNs have been shown to reduce the incidence of malaria cases by 50% in a variety of settings (FMOH, 2007) . Despite the large scale distribution, there was a wide variation in the availability and use of ITNs/LLINs at the household level (RBM, 2005) . This study was done, to assess LLINs utilization in Zuway Dugda district and similar studies done in different places but there is no study done on LLINs utilization in this area even though malaria is public health problem in area.
MATERIALS AND METHODS

Study design and period
A community based cross sectional study design employed and quantitative method used to conduct at household level from 5th March, to 1st April, 2017.
Study area
The study area was Zuway Dugda district, which is 47 km away from Assela Town, capital city of Arsi Zone. It is 222 km away from Addis Ababa. According to the 2007 Ethiopian census report, Zuway Dugda has a total population of 137,223 and 28,588 households. The district have 28 rural Kebeles and two Urban Administrative Kebeles which is all malarious and altitude below 2000 m.In the District there are rivers and irrigation sites which are suitable for mosquito breeding. On the West direction Lake Zuway is boarder of this district. The climatic condition has 85% low land and 15% semi high land. The district has six health centers and 32 health posts. Human resources of the District were 84 health workers and 58 health extension workers (Zuway Dugda Health Office, 2015/2016).
Source and study population
All households in Zuway Dugda district were the source population of the study. Households that randomly selected after multistage sampling were study population. Randomly selected HH heads or any member of the HH >18 year who could provide credible information included in this study. Severely sick person or HH head, person or HH head unable to respond or not available in their home for three consecutive visit plus one more final visit at the end of data collection period. Finally, all questionnaires were kept locked after data entry completion and will be destroyed when they are no more needed.
Ethical consideration
Sample size and sampling procedures
Sample size determination
Sample size for the first objective were determined using 95% confidence level, margin error-5%, LLIN use proportion is from 2015 MIS in Oromia Region 41% ( (Teklemariam et al., 2015) .
n=373
For other factor access sample size of LLINS using 95% confidence level, margin error-5%, LLIN access proportion is from 2015 MIS in Oromia Region 46% (Tizazu and Anteneh, 2006) .
Finally, the highest sample size was taken that is, 821 as the minimum sample size adequate for the generalization finding for the general population.
Sampling procedure
The study was multistage. The district has a total of 30 kebeles. Thirty five percent were included in the study which were 11. These had 33 sub-kebeles (Zones) with 12,657 households that were selected by lottery method. Then ArbaChefa, Arata, Dimtu Rarety, Hallo, Kiyansho,UboBericha, Sengo, Senbero, Ogolcho 01,Herera, Café Jila were selected for this study. Then in order to get sampling frame all zone in selected Kebeles were listed and 50% zone a total of 17 were selected proportionally. To select household a sampling frame existed with family folder registration at village"s level. Households in zone were selected with a systematic simple random sampling technique. The first household selected by lottery method and the next by Kth interval. Finally 821 households selected proportionally for this study ( Table 2) .
Variable of the study
Dependent variable
Proper utilization of ITNs.
Independent variable
Sociodemographic variables:
Age, educational status, occupation, family size, types of house construction, availability of separated sleeping room, income, knowledge about the cause and prevention of malaria, Source of information, benefit of ITNs, availability of ITNs, number of ITNs, Source of ITNs, frequency of using ITNs. Proper utilization: Refers to HHs that owned an ITN in which one or more members of the HH slept under a net, confirmed through observation by enumerators during the early morning preceding this study (FMOH, 2013 (FMOH, , 2007 .
Access:
The proportion of the population that could sleep under an LLIN if each LLIN in the household was used by up to two people (Tulu et al., 1993) .
LLINs: Are nets that are treated at factory level by a process that binds or incorporates insecticide into the fibers. They are designed to maintain their biological efficacy against vector mosquitoes for at least 3 years (WHO, 2008) .
Illiterate:
Respondents who cannot read and write or who can read and write but informal education (FMOH, 2004) .
Literate: Respondents who have formal education (FMOH, 2004).
Data collection procedures
A structured questionnaire was used for data collection. The questionnaire was prepared originally in English and translated to Afan Oromo. Data were collected by a combination of face-to-face interview and observation. The data were collected by six trained diploma nurses during early morning session. ITN use was crosschecked with the interview response of HHs, through direct observation of the enumerators. They checked to confirm that HH ITNs were really utilized/hung up just above sleeping beds/areas or not. Two supervisors who were skilled in the malaria-prevention and -control program of the district health office and principal investigator were assigned to supervise the data-collection process and quality assurance. The data collectors and supervisors were trained for 2 days by the principal investigator.
Data quality assurance
The questionnaire was prepared originally in English and translated to Afan Oromo and back to English by language experts to keep the consistency of the questions. Training of data collectors and supervisors, and pre testing of questionnaire on 5% of the sample from households from Hetosa district were done to ensure the quality of data. Checking on spot and double data entry on EPI INFO-7 was done to ensure completeness and consistency of the information collected. To decrease recall bias 24 h recall time was taken for utilization.
Data processing and analysis
Data were entered, cleaned and edited using EPI INFO version-7 statistical software and then exported to SPSS Version 21 for further analysis. Descriptive statistics of the collected data were done for most variables in the study using statistical measurements. Frequency tables, percentages", means and standard deviation were used .Bi variable logistic regression analysis was conducted primarily to check which variable have association with the dependent variable individually. Variable found to have association with the dependent variable at 0.2 probability were entered in to multi variable logistic regression for controlling the possible effect of confounders and finally the variables which have significant association were identified on the basis of OR, with 95% CI and 0.05 p-value to fit in to the final model. Among variables studied, bivariable logistic regression analysis of ITNs used in this study, some variables showed significant difference with p-value of <0.05. Variables that were significant at pvalue 0.2 were entered for back ward step wise logistic regression, which controlled undesirable effect of cofounder between variables and the problem of multicollinearity and declared true association. Hosmer and lemeshow goodness of fit statistics were checked for fullness of the model. The final model showed 0.684 goodness. Very far from 0.05 and clearly indicating the outcome variables was fully explained by the independent variable entered in the full model.
Ethical considerations
The study carried out after getting clearance from the ethical review committee, college of health science, Arsi University. Then an informed consent obtained from each institution and study participants to participate in the study. Those households who refuse to participate in the study not forced. Each respondent informed about the objective of the study. Confidentiality granted for information collected by keeping the privacy of respondents while filling the questionnaire. Those households who did not use long lasting treated net properly advised for proper utilization.
RESULTS
Socio demographic characteristics
In this study, total of 821 households included, with 821(100%) response rates. Among study participants 707(86.1%) were rural and 442(53.8%) were females. The mean (SD) age of respondent"s were 37.96(12.3) and mean (SD) family size were 5.09(2.28). The majority respondents 631(76.9%) were farmers and 272(33.1%) unable to read and write and 265(32.3%) were primary school. Among the studied HHs 573(69.8%) were living in corrugated iron sheet roof houses while 433(52.7%) had separate sleeping room, and 354(81.8%) had single sleeping room (Table 3) .
Knowledge of respondents about malaria transmission and prevention among respondents of LLIN utilization in the study population Almost all respondents had ever heard of malaria. From 817 respondents 619(75.4%) of them mentioned mosquito bite as the main mode of malaria transmission, 95(11.65%) said that malaria transmitted by living near stagnant water. Majority of respondents 623(75.9%) reported ITNs as main prevention measure against malaria. Peak biting hour for mosquito was reported to be at night time by775 (94.4%). Majority of them 621 (75.6) had ever heard/seen educational message on ITNs. Health extension workers or health workers were the (Table 4) .
ITNs ownership and Utilization among households in the study population
From 821 HHs who participated in this study 692(84.2%) owned at least one ITNs. 691(99.8%) were supplied freely by government. One hundred seventy six (25.5%) of the HHs were supplied with one, 293(42.4%) with two, remaining with three or more ITNs. 1516 ITNs were supplied to the HHs included in this study. Of those 692 HHs who owned at least one ITNs, 0nly 125(18%) used or slept under ITNs the night prior to data collection (Table 5) .
Condition of ITNs in HH who owned ITNs and their preference among study participants of LLIN utilization in Zuway Dugda district, Arsi Zone, Oromia Region, Ethiopia, 2017
Among (n=692) households who owned ITNs, 643(92.9%) of them had age one year. While, 384 washed at least once and 360(93.8%) washed 1-3 times (Table 6 ).
Multivariable analysis for factors associated with ITNs utilization in the study population
From entered variables only five remained significant predictor of the outcome variable. HHs head who were literate 1.88 times more likely to use ITNs than their counter parts, with AOR(95%CI) of 1.879(1.067-3.309).
HHs that had separate sleeping room were 2.15 times more likely to use ITNs than HHs who had not had separate sleeping room. HHs who were their shape preference rectangular were, 47% less likely to use ITNs than those who prefer conical shape with AOR (95%CI) of 0.535(0.310-0.923) ( Table 7) .
DISCUSSION
In this study ITN ownership and utilization was found to be 84.2 and 18% respectively. Only 18% of HHs use ITNs regularly without interruption. From this study, even though net was available in the HHs less than one fourth of them used at least one of their LLINs in previous night prior to data collection. World malaria report of 2015 showed wide range estimates of ITNs utilization in Africa. Among five surveyed countries the median proportion of population sleeping under ITNs highest and lowest estimates were 74 and 20% respectively. The report showed that in subSahara countries the proportion of population who use ITNs was 55% (WHO, 2015b) , and the current study finding falls in the lowest estimates. Another studies done in Togo and Rwanda showed 71.4 and 72.3% utilization which is four fold than this result (America Association for Advancement of Science, 1991; ORHB, 2001) . Similarly another study done in Kenya showed utilization of 53% (Watiro and Awoke, 2016) , which is three fold of the current study finding. This might be due to geopolitics and socioeconomic differences of the study areas.
In Ethiopia, from 2015 EMIS it was reported 40% HHs used (slept under) ITNs the night before the survey. It also differs from region to region in the country with the highest in Afar Region (51%) and lowest in Dire Dawa City Administration (16%).This study was also similar to the lowest utilizing region (Tulu et al., 1993) . Study done in Wanago and ItangGambella of Ethiopia showed that utilization was 75.5 and 52.3% respectively which is higher than this study result (FMOH, 2004; Teklemariam et al., 2015) . In Oromia ITNs utilization was 41% (Tulu et al., 1993) more than double of Ziway Dugda. Studies done in Harari and Chawaka showed 73.3 and 80.1% which were four fold of the current study and proxy to national target (Tomass, 2011; Kateera et al., 2015) that also is by far more than the current finding .Similarly, study done in Jimma and Kersa showed low ITNs utilization of 38.4 and 21.8% respectively which was still better than the result of this study (Stevens et al., 2013; FMOH, 2014b) . The national strategic plan targeted to reach 100% ownership and 80% utilization in malaria endemic areas by all ages and biological groups to brought heard immunity by using LLINs (FMOH, 2014b) . ITNs utilization in studied area was lower when compared to world malaria report and a number of studies done in the country. This might be due to the current cross sectional study was conducted during the dry season of the area with no other mosquito's" nuisance and 332(58.6%) responded they didn"t use available ITNs due to absence of mosquitoes. Additionally, the reason might be from knowledge as a large proportion of illiteracy among participants which 43.5% and majority, 86.1% were rural community.
When we see LLINs ratio to person there were 2.75 persons per ITN. Another study done in Chewaka showed there were 4 person per ITN (Kateera et al., 2015) while similar study done in Wanago showed 3.98 persons per ITN [FMOH, 2004] . National strategic plan targeted one ITN for 1.8 persons (FMOH, 2014b) . The current study showed a better access of ITNs than in Chawaka and Wanago though less than the national target which might be due to the distribution of ITN done before one year and gap filling performed in the current study area.
In current study independent factors for ITNs use were educational status of respondents, having separated sleeping room, frequency of using ITNs, ITNs ever been washed and shape preference of respondents. Similarly studies done in Wanago, Harari,Kersa and Gilgelgibe in Ethiopia showed that educational status of respondents were predictive factor for LLINs utilization (Tulu et al., 1993; Tomass et al., 2011; FMOH, 2015; Seyoum et al., 2017) . The current study showed that literates were 1.88 times more likely to use ITNs than their counter parts. Research done in Harari of Ethiopia also revealed those respondents learned to secondary school were 1.78 times more likely to use ITNs than those who could not read and write (Tomass et al., 2011) . Similarly study done in Wanago literates were 1.31 times more likely to use ITNS than their counter parts (FMOH, 2004) . Differently study done in Gilgel Gibe South West Ethiopia Illiterates were 2.3 times more likely not to use ITNs than those who learned grade 9 or above (Seyoum et al., 2017) . This is because educated people are more likely to get knowledge through formal learning or by reading any form of readable materials and even more access and understand information from mass media.
Having separated sleeping room also had positive association with ITNs utilization. Those HHs with separate sleeping room were 2.16 times more likely to use ITNs than those who haven"t separate sleeping room .Study done in Wanago showed that HHs with separate sleeping room were 1.98 times more likely to use ITNs (FMOH, 2004) . Study done in Kersa also identified that use of ITNs depended on housing construction and absence of separated sleeping room to hang it (FMOH, 2015) . This might be due all activities done in single room. Food also prepared by open fire in this single room so hanging net in the room unfavorable with all activities.
Insecticide treated net ever been washed shows significant increase of utilization compared to HHs with unwashed ITNs. This might be due to HHs perception to use clean ITNs as opposed to dirty ITNs. Washing dirty ITNs also increase chemical emission fibers of nets. Similar study done in Chewaka district showed HHs ever washed ITNs were 2.66 times more likely to use ITNs than unwashed (Kateera et al., 2015) .
Shape preference of respondent"s also found to be one barrier of ITNs utilization. Those households who prefer rectangular shape were 47% less likely to use ITNs than who prefer conical shape. Probabily rectangular shape were more suitable to use for other purposes like collecting agricultural products. A study done in Wanago also showed that those who prefer rectangular were 1.17 times more likely to use ITNs than who prefer conical (FMOH, 2004) . Frequency of using ITNs had strong association with utilization. In this study those HHs who responded using ITNs consistently were found 18 times more likely to use it than those who use intermittently. This might be appearance of mosquito nuisance only during wet season. Respondent"s awareness on mode of transmission and malaria prevention measure was analyzed. Accordingly, 75.4% answered transmission was by mosquito bite and 75.9% respondents answered that use of ITNs was preventive measure. So those who know malaria transmission know prevention as well. This might be due to many non-governmental organizations done on awareness creation on malaria and ITNs, even though, they could not come with behavioral change on ITNs utilization.
Strength and limitation
Direct observation was carried out to check the actual behavior of the study population with regard to ITNs utilization. The study was carried out after one year of long lasting treated net distribution to the community better timing to measure behavior. The study was conducted in malaria endemic area where malaria had public health importance using raw data. It lacks 
At district health office
Review malaria control programs mainly ITNs utilization. Plan for gap filling those HHs who did not get ITNs and those reported worn-out.
At FMOH
Monitor and evaluate LLINs utilization. Encourage qualitative and quantitative research"s done around this program. Work with stake holders to improve housing quality. Distribute ITNs in line with national target that is, 100% ownership. Jointly work with wash program to improve personal hygiene and washing habit of ITNs.
